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(57) Abstract: Methods and compositions for stimulating the growth of hair are discloised wherein said compositions include a 
cyclopentane heptanoic, 2-cycloalkyl or arylalkyl compound represented by the formula (1) wherein the dashed bonds represent a 
single or double bond which can be in the cis or trans configuration. A, B, Z, X Riand Rj as defined in the specification. Such 
compositions are used in treating the skin or scalp of a human or non-human animal. Bimatoprost is preferred for this treatment. 
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which the hair bulb is located superficially in the dermis. As alopecia progresses, a 
transition takes place in the area of approaching baldness wherein the hairs 
themselves are changing from the terminal to the vellus type. 

Another factor that contributes to the end result is a change in the cycle of 
hair growth. All hair, both human and animal, passes through a life cycle that 
includes three phases, namely, the anagen phase, the catagen phase and the telogen 
phase. The anagen phase is the period of active hair growth and, insofar as scalp 
hair is concerned, this generally lasts from 3*5 years. The catagen phase is a short 
transitional phase between the anagen and telogen phases which, in the case of 
scalp hair, lasts only 1-2 weeks. The final phase is the telogen phase \siiich, for all 
practical purposes, can be denominated a "resting phase" \'^4iere all growth ceases 
and the hair eventually is shed preparatory to the follicle commencing to grow a 
new one. Scalp hair in the telogen phase is also relatively short-lived, some 3-4 
months elapsing before the hair is shed and a new one begins to grow. 

Under normal hair growth conditions on the scalp, approximately 88% of 
the hairs are in the anagen phase, only 1% in catagen and the remainder in telogen. 
With the onset of male pattern baldness, a successively greater proportion of the 
hairs are in the telogen phase with correspondingly fewer in the active growth 
anagen phase. 

Alopecia is associated with the severe diminution of hair follicles. A bald 
human subject wUl average only about 306 follicles per square centimeter, 
whereas, a non-bald human in the same age group will have an average of 460 
follicles per square centimeter. This amounts to a one-third reduction in hair 
follicles which, when added to the increased proportion of vellus hair follicles and 
the increased nimiber of hair follicles in the telogen phase, is both significant and 
noticeable. Approximately 50% of the hairs must be shed to produce visible 
thinning of scalp hair. It is thus a combination of these factors: transition of hairs 
from teraiinal to vellus, increased nimiber of telogen hairs— some of which have 
been shed, and loss of hair follicles that produces "baldness". 

While a good deal is known about the results of male pattern baldness, very 
little is known about its cause. The cause is generally believed to be genetic and 
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of intermediate status in that it is coarser than vellus but not as coarse as terminal 
hair. The hair is generally quite short with a length of 3 cm. being about 
maximum. Once the patient ceases taking the drug, the hair reverts to whatever is 
normal for the particxilar site after six months to a year has elapsed. An example of 
such a dmg is diphenylhydantoin which is an anticonvulsant dmg widely used to 
control qpileptic seizures. Hypertrichosis is frequently observed in epileptic 
children some two or three months after starting the drug and first becomes 
noticeable on the extensor aspects of the limbs and later on the trunk and face. 
(The same pattern of hypertrichosis is sometimes caused by injury to the head.) As 
for the hair, it is often shed when the drug is discontinued but may, in some 
circumstances, remain. 

Streptomycin is another drug that has been foxmd to produce 
hypertrichosis, in much the same way as diphenylhydantoin, when administered to 
children suffering from tuberculous meningitis. About the same effects were t 
observed and the onset and reversal of the hypertrichosis in relation to the period 
of treatment with the antibiotic leave little question but that it was the causative 
agent. 

Two treatments have been demonstrated as showing some promise in 
reversing male pattern alopecia. These treatments include the use of a 
microemulsion cream containing both estradiol and oxandrolone as its active 
ingredients and the use of organic silicon. 

Jn addition to the foregoing, it has been reported in U.S. Pat. Nos. 
4,139,619 and 4,968,812 that the compound minoxidil is usefiil for the treatment 
of male pattern baldness. That compoxind, among others, has proven to have 
considerable therapeutic value in the treatment of severe hypertension. It is a so- 
called "vasodilator" which , as the name implies, fimctions to dilate the peripheral 
vascular system. Dermatologists and others have recognized that prolonged 
vasodilation of certain areas of the human body other than the scalp sometimes 
result in increased hair growth even in the absence of any vasodilating therapeutic 
agent. For instance, increased hair growth around surgical scars is not uncommon. 
Similarly, arteriovenous fistula have been known to result in increased vascularity 
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Other objects of the invention are to provide a treatment for male pattern 
alopecia which is safe, simple, painless, cosmetic in the sense of being invisible; 
easy to apply and quite inexpensive v^hen compared v^th hair transplants and the ' 
like. 

SUMMARY OF THE INVENTION 

This invention provides pharmaceutical compositions for topical application 
to enhance hair growth comprising an effective amoimt of a cyclopentane heptanoic 
acid, 2-cycloalkyl or arylalkyl compound represented by the formula I 




wherein the dashed bonds represent a single or double bond which can be in the cis 
or trans configuration, A is an alkylene or alkenylene radical having firom two to 
six carbon atoms, which radical may be interrupted by one or more oxa radicals 
and substituted with one or more hydroxy, oxo, alkyloxy or akylcarboxy groups 
wherein said alkyl radical comprises from one to six carbon atoms; B is a 
cycloalkyl radical having from three to seven carbon atoms, or an aryl radical, 
selected from the group consisting of hydrocarbyl aryl and heteroaryl radicsils 
having from four to ten carbon atoms wherein the heteroatom is selected from the 
group consisting of nitrogen, oxygen and sulfur atoms; X is -N(R4)2 wherein is 
selected from the group consisting of hydrogen, a lower alkyl radical having from 
one to six carbon atoms. 
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wherein hatched lines indicate a configuration, solid triangles are used to indicate P 
configuration. 

More preferably y is 1 and x is 0 and Ri, R2 and R3 are hydroxy. 

Most preferably the compound is cyclopentane N-ethyl heptananaide*S-cis- 
2-(3a-hydroxy-5-phenyl- 1 -trans-pentenyl)-3,5-dihydroxy, [1 a>2p;3a,5a], also ' 
known as bimatoprost. 

Another aspect of the invention provides methods for stimulating the rate 
of hair growth and for stimulating the conversion of vellus hair or intermediate 
hair to growth as terminal hair in a human or non-human animal by administering 
to the skin of the animal an effective amount of a compound wherein the 
compound has the formula: 




wherein the dashed bonds represent a single or double bond which can be in the cis 
or trans configuration, A is an alkylene or alkenylene radical having from two to 
six carbon atoms, which radical may be intemipted by one or more oxa radicals 
and substituted with one or more hydroxy, 0x0, alkyloxy or akylcarboxy groups 
wherein said alkyl radical comprises from one to six carbon atoms; B is a 
cycloalkyl radical having from three to seven carbon atoms, or an aryl radical. 
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examination to determine its presence. This vellus hair is a precursor to terminal 
hair. In accordance with flie invention as described herein, compounds represerited 

by 



wherein Ri, R2 , A, B, Z and X are defined above, can be used to stimulate, such as 
stimulating the conversion of vellus hair to growth as terminal hair as well as 
increasing the rate of growth of terminal hair. 

The present invention was discovered as follows: 

In the course of treating patients having glaucoma, treatment may only be 
^propriate in one eye. Within the course of daily practice it was discovered that a 
patient who been treated with bimatpprost has lashes that were longer, thicker and 
fvdler in the treated eye than in the non-treated eye. On examination the difference 
was found to be very striking. The lashes were longer and had a more full dense 
^pearance in the treated eye. The lash appearance on the lids of the treated eye 
would have appeared quite attractive if it represented a bilateral phenomenon. 
Because of its asymmetric nature, the long lashes on one side could be construed 
as disturbing ftom a cosmetic standpoint. Because of the very unusual appearance 
a systematic examination of other patients who were taking bimatoprost in only 
one eye was made. It soon became apparent that this altered appearance was not an 
isolated finding. Comparison of the lids of patients who were taking bimatoprost 
in only one eye revealed subtle changes in the lashes and adjacent hairs of the 
bimatoprost-treated side in several patients. Defmite differences could be 
identified to varying degrees in the lashes and adjacent hairs of all patients who 
were taking the drug on a unilateral basis for longer than 6 months. 




R2 
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than hair on, for example, the scalp. The ability to cause differences in appearance 
of lashes, the ability to stimulate conversion of yellus or intermediate hair to 
terminal hau-s in transitional areas and the ability to straiulate growth of vellus hair , 
on the skin indicates that bunatoprost is a diversely effective and efficacious agent 
for the stimulation of hair growth. Thus, the present invention provides a treatment 
by bimatoprost of hair of the scalp, eyebrows, beard and other areas that contain 
hair that resuhs in increased hair growth in the corresponding areas. 

Patients that are treated in or around the eye with compoxmds of the 
invention, such as bimatoprost, regularly develop hypertrichosis includmg altered 
differentiation, numbers, length, thickness, curvature and pigmentation in the 
region of treatment. 

Some examples of representative compoimds useful in the practice of the 
present invention include the compounds shown in Table 1 : 

TABLE 1 

cyclopentane heptenamide-5-cis-2-(3a-hydroxy-5-phenyl-l-trans-pentenyl)-3, 5- 
dihydroxy, [1 a » 2p, 3a, 56a] 

cyclopentane N,N-dimethylheptenamide-5-cis-2-(3a-hydroxy-5-phenyl-l-trans- 
pentenyl>3, 5-dihydroxy, [la» 2j5, 3a, 5a] 

cyclopentane heptenylamide-5-cis-2-(3a-hydroxy-4-meta-chlorophenoxy-l -trans- 
pentenyl>3, 5-dihydroxy, [la, 2p, 3a, 5a] 

cyclopentane heptenylamide-5-cis-2-(3a-hydroxy-4-trifluoromethylphenoxy-l- 
trans-pentenyl)-3, 5-dihydroxy, [la» 2p, 3a, 5a] 

cyclopentane N-isopropyl heptenamide-.5-cis-2-(3a-hydroxy-5-phenyl-l-trans- 
pentenyl)-3, 5-dihydroxy, [la, 2p, 3a, 5a] 
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growth includes hair associated with the scalp, eyebrows, eyelids, beard, and other 
areas of the skin of animals. 

In accordance with one aspect of the invention, the compound is mixed 
with a dennatologically compatible vehicle or carrier. The yehicle which may be 
employed for preparing compositions of this invention may comprise, for example, 
aqueous solutions such as e.g., physiological salines, oil solutions or ointments. 
The vehicle furthermore may contain dermatologically compatible preservatives 
such as e.g., benzalkonium diloride, surfactants like e.g., polysorbate 80, 
liposomes or polymers, for example, methyl cellulose, polyvinyl alcohol, 
polyvinyl pyrrolidone and hyaluronic acid; these may be used for increasing the 
viscosity. Furthermore, it is also possible to use soluble or insoluble drug inserts 
when the drug is to be administered. 

The invention is also related to dermatological compositions for topical 
treatment for the stimulation of hair growth which comprise an effective hair 
growth stimulating amount of one or more compounds as defined above and a 
dermatologically compatible carrier. Effective amounts of the active compounds 
may be determined by one of ordinary skill in the art but wiU vary depending on 
the compound employed, frequency of application and desired result, and the 
compound will generally range from about 0.0000001 to about 50%, by weight, of 
the deraiatological composition, preferably, from about 0.001 to about 50%, by 
weight, of total dermatological composition, more preferably from about 0.1 to 
about 30%, by weight of the composition. 

The present invention finds application in all mammalian species, 
including both humans and animals. In humans, the compounds of the subject 
invention can be applied for example, to the scalp, face, beard, head, pubic area, 
upper lip, eyebrows, and eyelids. In animals raised for their pelts, e.g., mink, the 
compounds can be appUed over the entire surface of the body to improve the 
overall pelt for commercial reasons. The process can also be used for cosmetic 
reasons in animals, e.g., applied to the skin of dogs and cats having bald patches 
due to mange or other diseases causing a degree of alopecia. 
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for instance, based on substances forming in-situ gels. Depending on the actual 
fonnulation and compound to be used, various amounts of the drag and different ^ 
dose regimens may be employed. Typically, the daily amount of compound for 
treatment of the eyelid may be about 0. 1 ng to about 1 00 mg per eyelid. 

For topical xise on the skin and the scalp, the compound can be 
advantageously formulated using ointments, creams, liniments or patches as a 
carrier of the active ingredient. Also, these formulations may or may not contain 
preservatives, depending on the dispenser and nature of use. Such preservatives 
include those mentioned above, and methyl-, propyl-, or butyl-parahydroxybenzoic 
acid, betain, chlorhexidine, benzalkonium chloride,, and the like. Various matrices 
for slow release delivery may also be used. Typically, the dose to be applied on the 
scalp is in the range of about 0,1 ng to about 100 mg per day, more preferably 
about 1 ng to about 1 0 mg per day, and most preferably about 10 ng to about 1 mg 
per day depending on the compoxmd and the formulation. To achieve the daily 
amoimt of medication depending on the formulation, the compound may be 
administered once or several times daily with or without antioxidants. 

The invention is further illustrated by the following non-lintiiting examples: 

Example 1 

In Vivo Treatment 

(■ 

A study is initiated to systematically evaluate the appearance of lashes and 
hair aroxmd the eyes of patients who are administering bimatoprost in only one 
eye. The study involves 10 subjects, 5 male, 5 female, average age 70 years, 
(ranging from 50-94 years). All patients have glaucoma. Each subject is treated 
daily by the topical application of one drop of bimatoprost at a dosage of 1 .5 
.mu.g/ml/eye/day (0.03%, by weight, ophthahnic solution, sold imder the name 
Lumigan® by Allergan, Irvine, Califomia, U.S.A.) to the region of one eye by 
instilling the drop onto the surface of the eye. The region of the fellow control eye 
is not treated with bimatoprost and served as a control. 
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actual lashes. These long, thick lash-like hairs were present in the central portion 
of the lids of several patients in a linear arrangement just above the lash line. Hairs 
are present at similar locations in the control eyes but are by contrast thinner or 
more fine in appearance, have less luster and pigment and are more flat against ihe 
skin of the lid typical of vellus or intermediate hairs. In several patients, lash-like 
terminal hairs grow luxuriantly in the medial canthal area in the treated eye. In the 
corresponding control eye, vellus hairs are seen at the same location. Lash-like 
hairs are also present in the lateral canthal area of the treated eye but not the 
control eye in several subjects. Large lashes are not normally present at tiie lateral 
canthus'and the area is generaUy free of all but a few occasional very fine lashes or 
vellus hairs. 

Increased growth of vellus hair on lids: Fine microscopic vellus hair is present on 
the skin of the lids and is easily serai with the slit lamp biomicroscope. This vellus 
hair is typically denser adjacent to and below the lateral portion of the lower lids. 
While remaining microscopic, vellus hairs are increased in number, appear more 
robust and are much longer and thicker in treated than m control eyes m the areas 
below and lateral to the lower lid. 

Perpendicular angulation of hairs: In areas where there are lash-like haus above 
the lash line and in the medial and lateral canthal areas, the hairs are much longer, 
thicker and heavier. They also leave the surface of the skin at a more acute angle, 
as though they are stiffer or held in a more erect position by more robust follicles. 
This greater incline, pitch, rise or perpendicular angulation firom the skin surface 
gives the appearance of greater density of the hairs. . 

The foregoing observations clearly estidilish that bimatoprost can be \ised 
to increase the growth of hair in man. This conclusion is based on the regular and 
consistent finding of manifestations of increased hair growth in treated vs. control 
areas in human subjects. The conclusion that the drug bimatoprost is capable of 
inducing increased robust growth of hair is based not on a smgle parameter, Le., 
length, but is based on multiple lines of evidence as described in the results. 
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The composition is applied to bald human scalp once daily to stimulate tiie 
growth of hair. 

Example 4 

Topical Ointment 

An ointment containing 2% by weight bimatoprost is prepared as follows: 

White petrolatirai and wool fat are melted, strained and liquid petrolatum is 

added thereto. The bimatoprost, zinc oxide, and calamine are added to the 

remaining liquid petrolatum and the mixture milled until the powders are finely 

divided and unifomily dispersed. The mixture, is stirred into the white petrolatum, . 

melted and cooled with stirring until the ointment congeals. 

The foregoing ointment can be applied topically to mammalian skin for 

increased rate of hair growth, and can be prepared by omitting the zinc Qxide ^d 

calamine. 

Example 5 

Ointment 

A dermatological ophUialmic ointment containing 10% by weight 
bimatoprost is prepared by adding the active compound to light liquid petrolatum. 
White petrolatum is melted together with wool fat, strained, and the temperature 
adjusted to 45-50° C. The liquid petrolatum slurry is added and the omtment 
stirred until congealed. Suitably the ointment is packaged in 30 gm tubes. 

The foregoing ointment can be applied to the eyelid to oihance the growth 
of eyelashes. Similarly the composition can be appUed to the brow for eyebrow 
growth. 
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Example 9 

Dusting Powder 

A powder of Ihe compound bimatopiost is prepared by mixing in dry form 
witli talcum powder at a weight/weight ratio of 1:10. The powdered mixture is 
dusted on the fur of minks or other commercially valuable for bearing animals and 
show animals for increased rate of hair growdi. 

Example 10 

Related Compounds 

Following the procedure of the preceding Examples, compositions are 
similarly prepared substituting an equimolar amount of a compound of Table 1 for 
the bimatoprost disclosed m the preceding Examples. Similar results are obtained. 

While the preferred embodiment of the invention has been illustrated and 
described, it will be appreciated that various changes can be made therein without 
departmg from the spnit and scope of the invention. 

The embodiments of the invention in which an exclusive property or 
privilege is claimed are defined as follows: 
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O O 
II II 

r5-C- and R^-iO-C-, wherein r5 is a lower alkyl radical having from one to six 
carbon atoms; Z is =0; one of Ri and R2 is =0, -OH or a -0(C0)R6 group, and 
the other one is -OH or -0(C0)R6i or Rl is =0 and R2 is H, wherein R6 is a 
saturated or unsaturated acyclic hydrocarbon group having from 1 to about 20 
carbon atoms, or -(CH2)mR7 wherein m is 0 or an integer of from 1 to 10, and R? 
is cycloalkyi radical, having from three to seven carbon atoms, or a hydrocarbyl 
aryl or heteroaryl radical, as defined above or a pharmacologically acceptable acid 
addition salt thereof. 

2. The method of claim 1 wherein the concentration of the compound applied is 
from about 0.0000001% to aboxit 50% by weight of the composition. 

3, The method of claim 1 wherein the compound is a compound of formula (III). 




wherein y is 0 or 1, x is 0 or 1 and x and y are not both 1, Y is a radical selected 
from the group consisting of alkyl, halo, nitro, amino, thiol, hydroxy, alkyloxy, 
alkylcarboxy, halo substituted alkyl wherein said alkyl radical comprises from one 
to six carbon atoms, n is 0 or an integer of from 1 to about 3 and R3 is =0, -OH or - 
0(C0)R6 wherein R6, hatched lines indicate a configuration and solid triangles are 
used to indicate p configuration. 
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II II 

r5-C- and R5-0-C-, wherein is a lower alkyl radical having from one to six 
carbon atoms; Z is =0; one of Ri and R2 is =0, -OH or a -0(C0)R6 group, and 
the other one is -OH or -0(CO)R6, or Rl is =0 and R2 is H, wherein R6 is a 
saturated or unsaturated acyclic hydrocarbon group having from 1 to about,20 
carbon atoms, or -(CH2)mR7 wherein m is 0 or an integer of from l.to 10, and R7 
is cycloalkyl radical, having firom three to seven carbon atoms, or a hydrocarbyl 
dryl or heteroaryl radical, as defined above or a pharmacologically acceptable acid 
addition salt thereof. 

6. The method of claim 5 wherem the concentration of the compound ^lied is 
from about 0.0000001% to about 50% by weight of the composition. 

7. The method of claim 5 wh^ein the compound is a compound of formula (III). 




wherein y is 0 or 1, x is 0 or 1 and x and y are not both 1, Y is a radical selected 
from the group consisting of alkyl, halo, nitro, amino, thiol, hydroxy, alkyloxy, 
alkylcarboxy, halo substituted alkyl wherein said ailkyl radical comprises from one 
to six carbon atoms, n is 0 or an integer of from 1 to about 3 and R3 is =0, -OH or - 
0(C0)R6, hatched lines indicate a configuration and solid triangles are used to 
indicate P configuration. 
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the other one is -OH or -0(C0)R6, or Ri is =0 and R2 is H, wherein R6 is a 
saturated or unsaturated acyclic hydrocarbon group having from 1 to about 20 
carbon atoms, or -(CH2)mR7 wherein m is 0 or an integer of from 1 to 10, and R7 ' * ■ 
is .cycloalkyl radical, having from three to seven carbon ato^ls, or a hydrocarbyl 
aryl or heteroaryl radical, as defined above or a pharmacologically acceptable acid 
addition salt thereof. 

1 0. The method of claim 1 wherein the concentration of the compound applied is 
from about 0.0000001% to aboxit 50% by weight of the composition^ 

1 1 . The method of claim 1 0 wherein the compound is a compound of formula (Hi). . • 




wherein y is 0 or 1, x is 0 or 1 and x and y are not both 1, Y is a radical selected . 
ifrom the group consisting of alkyl, halo, nitro, amino, thiol, hydroxy, alkyloxy, 
alkylcarboxy, halo substituted alkyl wherein said alkyl radical comprises frpni one 
to six carbon atoms, n is 0 or an integer of from 1 to about 3 and R3 is =0, -OH or - 
0(C0)R6 wherein R6, hatched lines indicate a configuration and solid triangles are 
used to indicate j3 configuration. 

12. The method of claim 1 1 wherein the compoimd is bimatoprost or a 
pharmaceutically acceptable salt. 
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